This paper focuses specifically on temperate drylands and the effects of climate change on their extent and soil moisture dynamics. The questions are interesting and valuable and the work is extensive. At the same time, I have some questions regarding the interpretation of the results; the manuscript requires improved clarity to know whether the conclusions are supported by the results and to ensure that the paper will influence thinking in the field. I offer some specific questions and suggestions with respect to the major claims of the paper.
While those calculations seem straightforward, I found the statement on line 112-113 misleading: "This contraction of temperate drylands differs from predictions that drylands in total may increase by 5-23% globally.1,2" I recommend that the authors find another way to say this, since most of the lost temperate drylands are converted to (sub)tropical drylands (by their own acknowledgement). Perhaps, "While other studies indicate that drylands in total may increase by 5-23% globally (1, 2) , that general statement masks our result that temperate drylands may contract while (sub)tropical drylands expand."
Increasing cold-season precipitation To be honest, I do not see the data that support this claim. By my reading of Supplementary Table  2 , annual rainfall increases under many combinations of regions and contraction/stable/expansion (western Mediterranean being the exception). However, seasonality appears to be decreasing compared with the current state for almost all combinations of region and contraction/stable/expansion. It may be that winter precipitation is indeed increasing (e.g., seasonality is decreasing but more total precipitation means more winter precipitation). I suggest that, if the authors wish to claim a result with respect to changes in winter precipitation, they calculate and show that quantity directly (i.e., compute winter precipitation and changes to it in addition to MAP).
Duration of Ecological Drought
Lines 144-145 I think it may be worth noting in the text that East Asia is the only region for which warm weather and precipitation are in-phase. This would provide some context for why East Asia seems to behave differently from the other regions under climate change.
Lines [146] [147] [148] In addition to stating the absolute changes in length of ecological drought, I sugges that the authors also articulate the percent change in drought length. Since ecological drought is longer in deep layers than shallow layers under current conditions, the difference in percent change may not be as significant.
Transpiration derived from deep layers (lines 150-159, Figure 3 , and lines 454-457) The authors claim that more transpiration will occur from shallow layers than deep layers under climate change. I suggest that they improve the clarity of what is meant by this. I could imagine a couple of interpretations: -in absolute terms (mm/year), transpiration from surface layers is greater than transpiration from deep layers after climate change -in relative terms, the importance of transpiration from surface layers increases under climate change; i.e., the fraction of total transpiration that derives from deep layers decreases under climate change (independent of whether the absolute of deep-layer transpiration amount goes up or down and independent of whether the amount of deep-layer transpiration is greater than or less than the amount from shallow layers).
I recommend being clear and specific about all of these potential interpretations. This seems especially important given the potentially self-contradictory claim that "future vegetation will extract more water from surface rather than deep layers" since "soil drying [i.e., extraction of water by plants] is more pronounced for deeper layers." What is the mechanism by which deep soils are drier but do not provide as much of the transpiration stream?
In Figure 3 , it is unclear to me what the blue and orange colors represent -are they the absolute changes in the fraction of transpiration coming from deep layers (i.e., are they bounded by -green value to +(1-green value))? Or, are they the relative change in the proportion?
In lines 454-457, the authors state that the "mean annual proportion of transpiration derived from deep soil moisture" is "the ratio of transpiration... from shallow soil layers to transpiration... from deep soil layers." Obviously, something is amiss here and requires clarification. Should this be the ratio of deep transpiration to total?
Lines 153-155 indicate the decrease in the proportion of water transpired from deeper layers across the regions. While the proportion decreases (by amounts ranging from 2-11%), does the absolute amount of transpiration from the deep layers increase or decrease? It seems that, given the increase in ecological drought, the absolute transpiration would increase, while the proportion may decrease (since total transpiration increases). Clarity on this front would enhance the paper.
Relationship between change in proportion of deep transpiration and current value Lines 159-163 The authors state that they find "a negative relationship between future change in the proportion of transpiration derived from deeper soil moisture and the current value (Fig. 4) " The individual polynomial regressions (lines) in Figure 4 seem to support this claim (with the exception of perhaps North America) for changes within a region. However, if the median values are used to represent variation among regions, then the relationship seems to be one in which the value of change is smaller for larger values of the current state. Thus, while the figure supports the claim of homogenization of plant-water uptake within regions, I do not think it supports the claim of homongenization among regions. Also, the figure caption indicates "shaded areas", but I could not see any shaded areas; in my version, I see a series of traces and the median values for each region.
Overall, I found the figure captions to be limited and sometimes unclear. Improving clarity will increase the impact of the paper.
Also, line 128, schistosomiasis is misspelled.
Reviewer #2 (Remarks to the Author):
The manuscript, "Climate change reduces extent of temperate drylands and intensifies drought in deep soils" written by Daniel and coauthors predict a net loss of a third of current temperate dryland extent due to climate change in the late 21st century. Projections suggest the ecological droughts in deep soils (>20cm) will substantially increase and vegetation will be increasingly reliant on surface soil moisture, favoring shallow-rooted over deep-rooted vegetation. This result is meaningful and important for dryland woody encroachment research.
In general, it need to address those comments listed below before accepted this paper for publication.
1. The authors pointed out the reduction extent of temperate dryland under RCP4.5 and RCP8.5. However, does this phenomenon also exist in the historical warming period ? If this phenomenon is robust, the authors should give a figure showing the reductions of temperate dryland during 1948-2015 or longer historical records.
2. The definition of temperate dryland was given in methods. But how is the (sub)tropical dryland? Generally, subtropical and temperate dryland is determined by latitude, but in L114, why will the current temperate drylands be converted mainly to warmer subtropical drylands? In Fig. 1 , do the contracting (orange) area indicate the conversion from temperate to subtropical dryland? If not, please give a distribution of this kind of conversion.
3. L150-152: the Fig. 3 and extended data fig. 6 show the proportion of transpiration derived from deep soil moisture (>20cm depth) under RCP8.5 and current climate. Only based on these two figures, the conclusion of "as a consequence of differential drying of deep vs. surface soil layers, future vegetation will extract more water from surface rather than deeper layers" can not be demonstrated because of lacking of the transpiration derived from the surface soil layer.
4.
A mainline is missing to link the reduction of temperate dryland and increasing drying in deep soil. The reasons of reduction of temperate dryland and increasing drying in deep soil are both not explained.
Specific comments: 1. In Fig.2 , how was the ecological drought determined? I do not find the definition in the methods.
Reviewer #3 (Remarks to the Author):
Review of "Climate change reduces extent of temperate drylands and intensifies drought in deep soils" by Schlaepfer et al. submitted to Nature Communications Recommendation: Reject
General comments:
This article investigates the changes in ecological climate zones as a function of climate change by driving an ecohydrological model with CMIP5 simulations. It comes to the conclusion that the extent of drylands is decreased in future and that drought is intensified in deep soils.
While this article addresses an important topic, I can unfortunately not recommend its publication in Nature Communication and I evaluate that it would be better suitable for a specialist journal. The main concern is that the authors only use a single ecohydrological model for their assessment (despite the large author team). I am not familiar with the employed model ("SOILWAT"), but I assume that other ecohydrological models exist that could be used for comparison. More importantly, it is not clear that the model is suitable for one main application of the article, namely the assessment of changes in soil moisture content at various depths. In hydroclimatological research, extensive multi-model experiments have been conducted to assess both past and projected changes in land water characteristics. All of these investigations have shown a strong model dependency of results and large uncertainties in the representation of soil moisture in hydrological, land surface, and climate models (e.g. Dirmeyer et al. 2006 , Prudhomme et al. 2014 , Mao et a. 2015 . Hence, the study's results are rather anecdotal in the present form without a comparison with results from other land surface, ecohydrological, hydrological or ecosystem models. 
Net Loss of Temperate Dryland areas
Reviewer #1: Lines 105-119. The authors use a categorization based on temperature and aridity to determine temperate drylands under current conditions as well as under future climate scenarios. They find that temperate drylands decrease by a net of 27-29% (2.4x10^6 km2 out of 8.3x10^6 km2; 36% of current TDL converted to something else; adding 9% more). While those calculations seem straightforward, I found the statement on line 112-113 misleading: "This contraction of temperate drylands differs from predictions that drylands in total may increase by 5-23% globally.1,2" I recommend that the authors find another way to say this, since most of the lost temperate drylands are converted to (sub)tropical drylands (by their own acknowledgement). Perhaps, "While other studies indicate that drylands in total may increase by 5-23% globally (1, 2) , that general statement masks our result that temperate drylands may contract while (sub)tropical drylands expand."  We agree and incorporated this good suggestion for clarification.
Reviewer #2: 1. The authors pointed out the reduction extent of temperate dryland under RCP4.5 and RCP8.5. However, does this phenomenon also exist in the historical warming period ? If this phenomenon is robust, the authors should give a figure showing the reductions of temperate dryland during 1948-2015 or longer historical records.  This is an excellent suggestion by the reviewer to consider areal changes in temperate drylands through the 20th century. However, other authors have addressed this question and estimated contemporary increase of aridity, i.e., expanding global drylands, during the second half of the 20th century. suggest a 4% increase during the last 50 years and Dai's (2012) analysis suggests an 8% increase. Despite observations of expanding aridity (i.e., climatic norm), attribution of changes in drought (i.e., deviations from normal) to human activity for the second half of the 20th century remains uncertain (IPCC 2014; Sherwood et al. 2014; Trenberth et al. 2014) .  We investigated the extent of temperate dryland for 2070-2100 against conditions for 1980-2010, We do not have the appropriate data going back to 1948 and doing the calculations for all of our grid cells would be a project in and of itself and beyond our current project and manuscript objectives. We believe that a re-analysis by our project for the 20th century would not contribute considerably new insights to what others have published; instead, we base our insights on their result and added their estimates of 20 th century change to the introduction section for clarification.
Reviewer #2: 2. The definition of temperate dryland was given in methods. But how is the (sub)tropical dryland? Generally, subtropical and temperate dryland is determined by latitude, but in L114, why will the current temperate drylands be converted mainly to warmer subtropical drylands? In Fig. 1 , do the contracting (orange) area indicate the conversion from temperate to subtropical dryland? If not, please give a distribution of this kind of conversion.  Our definitions of temperate versus tropical were based on climate, rather than latitude, and we derived these definitions from the commonly used Trewartha classification scheme. Thus, when climate changes, the extent of tropical, subtropical and temperate regions can change accordingly.  We thank the reviewer for pointing out that our description was not clear enough. We improved our description of dryland and temperateness and added a short explanation at the beginning of the result section and improved the caption of Fig. 1 . The orange areas in Fig. 1 are locations that are currently temperate and dryland, but not expected to meet one of those two criteria in the future. Thus, they may have converted from temperate to subtropical, or from dryland to non-dryland (a complete table of conversions (i.e., attributions to the defining factors) can be found in the Supplementary Table 3 ).
Increasing cold-season precipitation
Reviewer #1: To be honest, I do not see the data that support this claim. By my reading of Supplementary Table 2 , annual rainfall increases under many combinations of regions and contraction/stable/expansion (western Mediterranean being the exception). However, seasonality appears to be decreasing compared with the current state for almost all combinations of region and contraction/stable/expansion. It may be that winter precipitation is indeed increasing (e.g., seasonality is decreasing but more total precipitation means more winter precipitation). I suggest that, if the authors wish to claim a result with respect to changes in winter precipitation, they calculate and show that quantity directly (i.e., compute winter precipitation and changes to it in addition to MAP).  We recognize that we have used the term '(precipitation) seasonality' too loosely. 'Seasonality' can be understood in different ways, e.g., statistically as a component of time-series analysis of temperature data (Pezzulli et al. 2005) ; astronomically by solstices and equinoxes or by calendar months (Trenberth 1983) ; as the standard deviation of mean monthly temperature or as the coefficient of variation of mean monthly precipitation (BioClim/WorldClim, http://www.worldclim.org/bioclim, Nix 1986); as the inverse of mean annual temperature (Xu et al. 2013) ; etc. The definition of (precipitation) seasonality used by our manuscript is based on work by Sala and colleagues (1997) who define the 'overlap of the wet and warm season' as a function of "the mean annual Pearson correlation coefficient between mean monthly temperature (˚ C) and monthly precipitation (mm). +1 indicates a perfect match between the warm and wet season; -1 indicates a perfect match between the cold and the wet season" (Supplementary Table 6 ). A decrease of this correlation describes a shift of precipitation from the warm to the cold season given no or a change in temperature which is uniform across months; that means, for constant or increased MAP, there is an increase in cold-season precipitation. We contend thus that our data support our claim of an increase in cold-season precipitation.  To address this comment, (i) we changed the term 'precipitation seasonality' to 'warm/wet-season overlap' and added our definition to the method sections. , and (ii) we added winter precipitation (defined meteorologically as precipitation during December-February on the northern hemisphere and during June-August on the southern hemisphere, Trenberth 1983) to Supplementary Table 2 and as map in a new Supplementary Figure 5 . We found increases in winter precipitation for our regions North America, East Asia, Western & Central Asia, and the southern portion of South America. Most of the area of the Mediterranean Basin was predicted to experience decreases in winter precipitation.
Duration of Ecological Drought
Reviewer #1: Lines 144-145. I think it may be worth noting in the text that East Asia is the only region for which warm weather and precipitation are in-phase. This would provide some context for why East Asia seems to behave differently from the other regions under climate change.  We incorporated this good suggestion.
Reviewer #1: Lines 146-148. In addition to stating the absolute changes in length of ecological drought, I suggest that the authors also articulate the percent change in drought length. Since ecological drought is longer in deep layers than shallow layers under current conditions, the difference in percent change may not be as significant.  We calculated the percent change in drought length as suggested and found the same pattern, i.e., ecological drought in deep soil layers is becoming relatively and absolutely longer and this change is not detectable/more varied in the shallow layers. We added the percent change to the manuscript text.
Reviewer #2: 1. In Fig.2 , how was the ecological drought determined? I do not find the definition in the methods.  We agree that our definition of ecological drought was in a hard-to-find location in the manuscript. To address this comment, we added an abbreviated version of our definition to the caption of Figure 2 . We also expanded the introduction section by highlighting the different types of drought definitions (meteorological, etc.) and introduce a standard definition of ecological drought ("prolonged and widespread deficit in naturally available water supplies […] that create multiple stresses across ecosystems"; U.S. Geological Survey, U.S. Climate Science Centers, and the Science for Nature and People Partnership) which for instance can be found here https://nccwsc.usgs.gov/science/ecological-drought and http://snappartnership.net/groups/ecological-drought/ (accessed July 9, 2016).  Our definition of ecological drought, which implements the standard definition and in a measurable form, can be found in the second paragraph of the subsection 'Analysis of response variables' of the methods: "We estimated the mean annual duration of continuous ecological droughts during growing periods for surface soil layers of 0-20 cm depth (DDGP0) and for deep soil layers > 20 cm depth (DDGP20) as the longest snowfree, frost-free period when soil water potential (SWP) < -3.0 MPa continuously."
Transpiration derived from deep layers
Reviewer #1: (lines 150-159, Figure 3 , and lines 454-457) The authors claim that more transpiration will occur from shallow layers than deep layers under climate change. I suggest that they improve the clarity of what is meant by this. I could imagine a couple of interpretations: -in absolute terms (mm/year), transpiration from surface layers is greater than transpiration from deep layers after climate change -in relative terms, the importance of transpiration from surface layers increases under climate change; i.e., the fraction of total transpiration that derives from deep layers decreases under climate change (independent of whether the absolute of deep-layer transpiration amount goes up or down and independent of whether the amount of deep-layer transpiration is greater than or less than the amount from shallow layers).  The reviewer is correct that we provided not sufficient data to support our claims and that our writing was ambiguous. We produced additional maps and table sections for transpiration derived from soil moisture in shallow soil layers and for transpiration derived from deep layers . We incorporated these more detailed results in the text (see result subsection 'Duration and distribution of ecological droughts under climate change') and clarified our statements. It turns out that both interpretations by the reviewer are correct, i.e., that for most regions transpiration derived from shallow layers is increasing in absolute and relative terms.
Reviewer #1: I recommend being clear and specific about all of these potential interpretations. This seems especially important given the potentially self-contradictory claim that "future vegetation will extract more water from surface rather than deep layers" since "soil drying [i.e., extraction of water by plants] is more pronounced for deeper layers." What is the mechanism by which deep soils are drier but do not provide as much of the transpiration stream?  This was a misunderstanding due to unclear writing on our parts. We were referring to increasing ecological droughts due to climate change when we wrote 'soil drying' -we did not mean extraction of water by plants. Our results are coherent in that deep layers will experience longer periods with low soil moisture and plants will extract a smaller proportion of their total water extraction from deep layers. We have re-worded the text to avoid such ambiguity (see result subsection 'Duration and distribution of ecological droughts under climate change').
Reviewer #1: In Figure 3 , it is unclear to me what the blue and orange colors represent -are they the absolute changes in the fraction of transpiration coming from deep layers (i.e., are they bounded by -green value to +(1-green value))? Or, are they the relative change in the proportion?  The blue-orange color gradient in panels b-f of Fig. 3 indicate the absolute change in the proportion of transpiration from deep layers between future and current values. We have re-worded the figure caption for clarity.
Reviewer #1: In lines 454-457, the authors state that the "mean annual proportion of transpiration derived from deep soil moisture" is "the ratio of transpiration... from shallow soil layers to transpiration... from deep soil layers." Obviously, something is amiss here and requires clarification. Should this be the ratio of deep transpiration to total?  Yes, this was a typo and the ratio is deep to total. We have fixed this error.
Reviewer #1: Lines 153-155 indicate the decrease in the proportion of water transpired from deeper layers across the regions. While the proportion decreases (by amounts ranging from 2-11%), does the absolute amount of transpiration from the deep layers increase or decrease? It seems that, given the increase in ecological drought, the absolute transpiration would increase, while the proportion may decrease (since total transpiration increases). Clarity on this front would enhance the paper.  We produced additional maps and table sections for transpiration derived from soil moisture in shallow soil layers and for transpiration derived from deep layers (Supplementary Figs 7-8 and in Supplementary Tables 4-5) . Please see our detailed response to the first comment in this section of comments on 'Transpiration derived from deep layers'.
Reviewer #2: 3. L150-152: the Fig. 3 and extended data fig. 6 show the proportion of transpiration derived from deep soil moisture (>20cm depth) under RCP8.5 and current climate. Only based on these two figures, the conclusion of "as a consequence of differential drying of deep vs. surface soil layers, future vegetation will extract more water from surface rather than deeper layers" can not be demonstrated because of lacking of the transpiration derived from the surface soil layer.  We agree with the reviewer. We produced additional maps and table sections for transpiration derived from soil moisture in shallow soil layers and for transpiration derived from deep layers . Please see our detailed response to the first comment in this section of comments on 'Transpiration derived from deep layers'.
Reviewer #2: 4. A mainline is missing to link the reduction of temperate dryland and increasing drying in deep soil. The reasons of reduction of temperate dryland and increasing drying in deep soil are both not explained.  The reviewer is correct that change in temperate dryland area and changes in deep soil moisture are somewhat related because they do both respond to changes in climatic conditions. However, these two responses are not causally linked in our analysis -e.g. they both response to climate but don't affect each other. Changes in the distribution of temperate drylands are calculated directly from changes in climatic conditions, specifically three climate variables, and Supplementary Table 3 provides detailed quantification of the contribution of each variable to contraction and expansion of temperate drylands. Change in deep soil moisture is an ecohydrological variable that is estimated by our soil water balance model. We have clarified the relationships among these variables in the result section.
Relationship between change in proportion of deep transpiration and current value
Reviewer #1: Lines 159-163. The authors state that they find "a negative relationship between future change in the proportion of transpiration derived from deeper soil moisture and the current value (Fig. 4) ". The individual polynomial regressions (lines) in Figure 4 seem to support this claim (with the exception of perhaps North America) for changes within a region. However, if the median values are used to represent variation among regions, then the relationship seems to be one in which the value of change is smaller for larger values of the current state. Thus, while the figure supports the claim of homogenization of plant-water uptake within regions, I do not think it supports the claim of homongenization among regions.  This is a very good point. Our inferences related to the potential consequences of the among-region "global" negative relationship between decrease in proportion of deep transpiration and current proportion deep transpiration, while we did not interpret the within-region relationships. As the reviewer points out, two of the regions (North America and West Asia) do not have clear negative relationships, so the implications for homogenization do not apply within those regions. We have modified the text in the final paragraph of the results section to explicitly identify that the negative relationship (and associated implications for homogenization) exists among regions and only within some of the regions, but not all.
Reviewer #1: Also, the figure caption [of Fig. 4 ] indicates "shaded areas", but I could not see any shaded areas; in my version, I see a series of traces and the median values for each region.  We are sorry that the pdf version of our figures did not show all the information for this reviewer. We have redrawn the shading of the figures and saved them in a different format. We will double-check that the PDF validation during submission will show the shaded areas.
Sensitivity of land surface/soil moisture results to different models
Reviewer #3: While this article addresses an important topic, I can unfortunately not recommend its publication in Nature Communication and I evaluate that it would be better suitable for a specialist journal. The main concern is that the authors only use a single ecohydrological model for their assessment (despite the large author team). I am not familiar with the employed model ("SOILWAT"), but I assume that other ecohydrological models exist that could be used for comparison. More importantly, it is not clear that the model is suitable for one main application of the article, namely the assessment of changes in soil moisture content at various depths.  The reviewer is correct that other models exist, but the implication that they could be run with the same set of input data is not correct. The models vary widely in the amount of detail they include for each of the key processes and in the temporal scales for which they are intended to run. Soilwat is well documented and tested for this scale of application. We think our previous work, which has been published in the refereed literature establishes that SOILWAT is suitable for assessing changes in soil water content at multiple soil depths Schlaepfer et al. 2012b; Schlaepfer et al. 2012a; Lauenroth et al. 2014; . No similar models are available that could be run using our data set.
Reviewer #3: In hydroclimatological research, extensive multi-model experiments have been conducted to assess both past and projected changes in land water characteristics. All of these investigations have shown a strong model dependency of results and large uncertainties in the representation of soil moisture in hydrological, land surface, and climate models (e.g. Dirmeyer et al. 2006 , Prudhomme et al. 2014 , Mao et a. 2015 . Hence, the study's results are rather anecdotal in the present form without a comparison with results from other land surface, ecohydrological, hydrological or ecosystem models.  We agree that ideally we would have captured uncertainty in representation of ecohydrological processes by using multiple ecohydrological models. This was unfortunately not possible because no similar models exist (see previous response).  We have nevertheless estimated several important sources of uncertainty by forcing our ecohydrological model with input from two climate scenarios (results for RCP8.5 in the manuscript, those for RCP4.5 in the Supplementary Materials) and 16 global circulation models (GCMs). For instance, we highlight the variation among the outcome from the 16 GCMs in Fig. 1 where the insets capture the agreement/disagreement among GCMs in areal shifts and in Fig. 2 where we account for the variation among GCMs in the estimation of ecological drought. All our other results in the text and in the figures capture the range of variation derived from simulating soil moisture related response variables when run with climate predictions from the 16 GCMs.  Many recent publications in high-profile peer-reviewed journals, including Nature Communications, present results from a single model. For instance, Nature Communications published research based on a single global circulation model from Yoon et al. (2015) and Thieblemont et al.(2015) . A single ecosystem/hydrology model underlies the results by Carroll et al.(2015) and a single soil model the work by (Sattari et al. 2016) . Dong et al. (2016) used a single weather model for their sensitivity analysis and Mellin et al. (2016) one statistical model (out of many possible) for a 'species distribution' study. Thus, our study, which covers 32 different climate outcomes, goes well beyond what most other recent papers in Nature Communications and other similar high profile journals offer.  The reviewer is correct in pointing out that GCMs incorporate a representation of soil moisture (albeit at a very coarse resolution). Our simulation effort addresses exactly this gap in our knowledge by using an ecohydrological model that is capable of simulation the soil profile and relevant ecohydrological processes at a much higher resolution (see previous response). We have added a new comparison between GCM soil moisture data, where available, with results from our simulations (see Supplementary Fig. 10 and Supplementary Table 10 ). The comparison is favorable with an overall agreement level for the historical time period of 0.89±0.07 (mean±SD among 7 GCM-SOILWAT comparisons) as well as for the future time period under RCP8.5 of 0.92±0.04. Regional agreement is mostly similarly high. GCM-SOILWAT agreement, however, was low for Eastern Asia in the historic time period with 0.37±0.21, which increased to 0.67±0.09 for the future period under the RCP8.5 scenario. Our simulations for the historic time period were run with observation-based weather data, whereas the GCM output represents hindcasts. For the future time periods, the representation of climate conditions for our simulations were based on GCM output. Thus, we would expect a higher agreement between our simulation results and those from GCMs for the future time periods than for the historic period. Freedman et al. (2014) compared GRACE satellite observations of terrestrial water storage with GCM predictions for 2003-2012 for the Mississippi River Basin and found good agreement in overall aggregated values, but considerable GCM deviations spatially and in water flux partitioning. In a similar exercise, Wu et al. (Wu et al. 2015) compared GRACE data to GCM predictions to select GCMs for a hydrological impact assessment and found noticeable variation among GCM soil moisture predictions including GCMs with cycles that do not match the seasonal variation. It is not surprising that we found some deviations between SOILWAT and GCM soil moisture values as well, particularly across Eastern Asia, which is a region where several GCMs demonstrate difficulties in representing the monsoonal precipitation regime (Park et al. 2016 ).
General comments:
Reviewer #1: Overall, I found the figure captions to be limited and sometimes unclear. Improving clarity will increase the impact of the paper.  We have re-worded the figure captions for clarity. In particular, we expanded the caption for figure 1 to more comprehensively describe what the inset histograms depict. We also have re-colored Fig. 1 to improve interpretability of the color gradients.
Reviewer #1: Also, line 128, schistosomiasis is misspelled.
 Corrected
This paper focuses specifically on temperate drylands and the effects of climate change on their extent and soil moisture dynamics. The questions are interesting and valuable and the work is extensive. The original manuscript suffered from some issues of clarity and interpretation of the results, and the authors have addressed most of those in their revised manuscript.
I have just one recommendation regarding the presentation of results regarding transpiration from deep and shallow layers. On lines 172-174, the authors articulate "Our simulations suggest that the importance of transpiration from shallow layers increases under climate change, i.e., the proportion of total transpiration that derives from deep layers decreases (Fig. 3) ." This statement is well supported by Figure 3 and Supplemental Tables 4 and 5. I recommend concluding this statement with a period.
The next phrase, I found confusing: "...and additionally, that transpiration from shallow layers will increase more than transpiration from deep layers ." For me, it is hard to directly compare the color maps between Figures S7-S8. When I look at Tables S4-S5 , however, those data indicate to me that sometimes transpiration increases in the shallow layers and sometimes it decreases (e.g., T0 increases in South America for the areas under contraction, while it decreases in the Western Mediterranean), and the same is true for transpiration from the deep layers (e.g., T20 increases in East Asia and North America under contraction, while is decreases for South America and Central Asia). Thus, it seems confusing to state that "transpiration from shallow layers will increase more than transpiration from deep layers," which, to me, implies that transpiration always increases in both layers. I might suggest something like, "While transpiration from shallow and deep layers may increase or decrease under future conditions and across regions, the proportion of transpiration from deep layers shows a robust decline across all scenarios."
One last minor point -The color scheme used in Figure 2 and Figure 4 is presented in the caption for Figure 4 but not Figure 2 . I recommend including it in both locations.
The revised manuscript appropriately addressed all my comments/suggestions and significantly improved the manuscript. I recommend that the paper be accepted as it is.
Review of Schlaepfer et al., submitted to Nature Communications (NCOMMS-16-00671-T)
Overall recommendation: Reject General comments: The authors did efforts to improve the article in response to the reviewers' comments. However, I do still have major concerns which prevent me to recommend this article for publication in Nature Communications.
My main concerns are related to the inferred aridity changes and their possible implications for ecosystems (the core of the article...).
There is indeed evidence that some regions are displaying increases in "aridity" measured as the ratio of potential evaporation (Epot) and precipitation under increased greenhouse gas forcing, however, there is no evidence that this would lead to stronger ecosystem moisture stress in drylands, as assumed by the authors (and apparently simulated by their model). The main issues are as follows: * The study overlooks possible effects of increased CO2 concentrations for the ecosystems, which could decrease their water stress even under increased Epot/P. The reason for this is that increase atmospheric CO2 can increase the water-use efficiency of plants. The possible impact of this response has been discussed in recent publications (Prudhomme et al. 2014, PNAS; Roderick et al. 2015, WRR; Milly and Dunne 2016, Nature Climate Change) . It could possibly strongly change the hydrological response of ecosystems. The authors should at least mention this issue and the possible implications of overlooking this response. This could be of less importance for a study focusing e.g. on hydrological changes, but for a study assessing possible changes in droughtrelated ecosystem response, this is in my view just not suitable for publication (even in another journal than Nature Communications).
* Even when not considering the CO2 effects on water use efficiency, the aridity changes will have least impacts on the water balance of arid regions, because evapotranspiration is soil moisture limited there and thus increased demand (from Epot) does not imply increased actual evapotranspiration (see e.g. on this topic Gudmundsson et al. 2016, GRL) . Hence increased aridity is mostly of interest in presently humid regions, which is not a topic of the present article. * Finally, there are several recent publications questioning altogether the use of Epot as driver of evapotranspiration (and thus ecosystem response) in a warming climate, because it increases very strongly with increasing temperature and decreasing air humidity, but thereby reflects a response to the surface fluxes rather than a change as a driver of actual evapotranspiration (see also two points above). For instance, Roderick et al. (2015) show that net radiation increases much less than potential evaporation in a warming climate, and ultimately it is the available energy that constrains the surface water fluxes, not Epot itself (Epot is merely a construct to represent this effect). Milly et al. (2016) also provide further discussions on this topic.
Based on these issues, and in particular because the authors appear unaware of them, I can unfortunately not recommend publication of this article.
Detailed responses to reviewer's comments Reviewer #1:
I have just one recommendation regarding the presentation of results regarding transpiration from deep and shallow layers. On lines 172-174, the authors articulate, "Our simulations suggest that the importance of transpiration from shallow layers increases under climate change, i.e., the proportion of total transpiration that derives from deep layers decreases (Fig. 3) ." This statement is well supported by Figure 3 and Supplemental Tables 4 and 5. I recommend concluding this statement with a period.  We incorporated this useful suggestion and split the sentence in two.
The next phrase, I found confusing: "...and additionally, that transpiration from shallow layers will increase more than transpiration from deep layers (Supplementary Figs 7-8 )." For me, it is hard to directly compare the color maps between Figures S7-S8. When I look at Tables S4-S5 , however, those data indicate to me that sometimes transpiration increases in the shallow layers and sometimes it decreases (e.g., T0 increases in South America for the areas under contraction, while it decreases in the Western Mediterranean), and the same is true for transpiration from the deep layers (e.g., T20 increases in East Asia and North America under contraction, while is decreases for South America and Central Asia). Thus, it seems confusing to state that "transpiration from shallow layers will increase more than transpiration from deep layers," which, to me, implies that transpiration always increases in both layers. I might suggest something like, "While transpiration from shallow and deep layers may increase or decrease under future conditions and across regions, the proportion of transpiration from deep layers shows a robust decline across all scenarios."  The reviewer is correct that this phrase was an oversimplification of our results. Also, the order of our statements was confusing: 1) global trend in T0/T (lines 172-174); 2) global trend T0 vs. T20 (lines 174-175); 3) regional trends in T0/T (lines 176-180); 4) regional trends in T0 vs. T20 (lines 180-185). The 4 th section addressed the geographic heterogeneity of increases and decreases in T0 and T20 (lines 180-185), which the reviewer justifiably highlights in this comment.  To address this comment, we re-organized the structure of this paragraph to: i) trends in T0/T with (i-1) global and (i-2) regional results; ii) trends in T0 vs. T20 with (i-1) global and (i-2) regional results providing details of the variable geographic pattern of both increases and decreases. We also deleted the phrase in question.
One last minor point -The color scheme used in Figure 2 and Figure 4 is presented in the caption for Figure 4 but not Figure 2 . I recommend including it in both locations.  This is a good point that improves readability. We expanded the caption of Fig. 2 with an explanation of the color code.
Reviewer #2:
The revised manuscript appropriately addressed all my comments/suggestions and significantly improved the manuscript. I recommend that the paper be accepted as it is.  We appreciate the reviewer's positive evaluation.
Reviewer #3:
Review of Schlaepfer et al., Overall recommendation: Reject General comments: The authors did efforts to improve the article in response to the reviewers' comments. However, I do still have major concerns which prevent me to recommend this article for publication in Nature Communications.
There is indeed evidence that some regions are displaying increases in "aridity" measured as the ratio of potential evaporation (Epot) and precipitation under increased greenhouse gas forcing, however, there is no evidence that this would lead to stronger ecosystem moisture stress in drylands, as assumed by the authors (and apparently simulated by their model). The main issues are as follows:  Our manuscript took two perspectives: (1) a climatological viewpoint on aridity by delineating temperate dryland regions with an aridity index for historical and future time periods (similar to approaches taken, e.g., by Huang et al. 2015) and (2) an ecohydrological approach on ecological drought by executing a simulation experiment with a process-based daily ecosystem water balance model Schlaepfer et al. 2012; to infer historical and future ecosystem moisture stress patterns in drylands. It is the nature of investigations that address future time periods that evidence to support forecasts of future conditions cannot exist. However, our model simulations agree well on an aggregated time-scale with the coarser representation of soil moisture of Earth System Models for future time periods. We argue that these favorable comparisons support the results and conclusions on climatological aridity and on ecological drought (soil moisture drought) presented in our manuscript.
* The study overlooks possible effects of increased CO2 concentrations for the ecosystems, which could decrease their water stress even under increased Epot/P. The reason for this is that increase atmospheric CO2 can increase the water-use efficiency of plants. The possible impact of this response has been discussed in recent publications (Prudhomme et al. 2014, PNAS; Roderick et al. 2015, WRR; Milly and Dunne 2016, Nature Climate Change) . It could possibly strongly change the hydrological response of ecosystems. The authors should at least mention this issue and the possible implications of overlooking this response. This could be of less importance for a study focusing e.g. on hydrological changes, but for a study assessing possible changes in drought-related ecosystem response, this is in my view just not suitable for publication (even in another journal than Nature Communications).
 We incorporated the reviewer's suggestion and added a description in the revised manuscript that our simulation experiment assumed that ambient CO 2 -concentration has a negligible net effect on modeled vegetation. Thus, our model could have led to an overestimate of soil drying (but some studies find a zero or even negative net effect of elevated CO2 on soil moisture in dry ecosystems, e.g., see Schymanski et al. 2015; Mueller et al. 2016) . We also want to point out that even though the physiological response of intrinsic water-use efficiency and photosynthesis at the leaf scale to CO 2 -concentration are well understood (e.g., Bagley et al. 2015) , the net impacts on ecosystem-scale transpiration and soil moisture depend on how enhanced leaf-level water use efficiency trade-off against increased foliage biomass over longer time periods, and the outcomes are certainly not yet clear (e.g., as demonstrated by FACE experiments, such as the one in the semiarid northern-mixed prairie Morgan et al. 2004; Morgan et al. 2011; Mueller et al. 2016) . The long-term outcome also depends strongly on how CO 2 -effects unfold in the context of nutrient vs. water limitation (Reich et al. 2014 ; reviewed by Norby et al. 2016) and energy vs. water limitation (Schymanski et al. 2015) . Thus, increases in intrinsic leaf-level water-use efficiency may lead to a positive response in biomass and transpiration in water-limited systems (as opposed to energylimited systems) and potentially to a decrease in soil moisture over the long run (Schymanski et al. 2015; Mueller et al. 2016) . These and several additional issues remain to be addressed (e.g., as reviewed by Norby et al. 2011; Smith et al. 2013; Pugh et al. 2016) . The importance of these uncertainties is illustrated by the large range of reported values for CO 2 -responses of ecosystem-scale water-use efficiency (observations/experimental values range from 0% to +120%), transpiration (-14% to +11%), productivity (0% to 40%), and soil moisture (-20% to +10%). All of these interacting effects need to be appropriately represented in ecosystem/vegetation/Earth simulation models before they will be able to represent the full range of experimental and historical observations (e.g., De Kauwe et al. 2013; Walker et al. 2014; Zaehle et al. 2014; Frank et al. 2015; Huang et al. 2016) . Our results, which assumed a negligible net effect of CO 2 -concentration on ecosystem-scale transpiration and soil moisture, are well within the range of observations and models. Current Earth system models disagree so strongly over the net outcome in response to future CO 2 -concentration that the earth system science communities' understanding of these effects has been described as "very low" (Medlyn et al. 2015) .
* Even when not considering the CO2 effects on water use efficiency, the aridity changes will have least impacts on the water balance of arid regions, because evapotranspiration is soil moisture limited there and thus increased demand (from Epot) does not imply increased actual evapotranspiration (see e.g. on this topic Gudmundsson et al. 2016, GRL) . Hence increased aridity is mostly of interest in presently humid regions, which is not a topic of the present article.  We agree with the reviewer that actual evapotranspiration in dry regions is limited strongly by soil moisture and not by potential evapotranspiration rates per se (see previous work, e.g., . The reviewer may have misunderstood our study approach: First, we used an aridity index (Epot / P; an index which is widely used in the literature) only for the purpose of climatologically identifying our study regions because it is easily recognized by the broader scientific community. Second, we applied a process-based ecohydrological daily water balance model to simulate every component of the water balance of the temperate dryland regions, identified in step 1, including actual evaporation, actual transpiration, deep drainage, soil moisture changes in many soil layers to infer patterns of ecological drought. That is, the aridity index did not drive our results on soil moisture-in agreement with the findings by . SOILWAT is particularly well suited to simulate actual evapotranspiration in dry regions because the model accounts for limiting conditions by soil moisture at different depths, by accessibility of moisture depending on soil texture and plant rooting characteristics, and by canopy and litter shading ).
* Finally, there are several recent publications questioning altogether the use of Epot as driver of evapotranspiration (and thus ecosystem response) in a warming climate, because it increases very strongly with increasing temperature and decreasing air humidity, but thereby reflects a response to the surface fluxes rather than a change as a driver of actual evapotranspiration (see also two points above). For instance, Roderick et al. (2015) show that net radiation increases much less than potential evaporation in a warming climate, and ultimately it is the available energy that constrains the surface water fluxes, not Epot itself (Epot is merely a construct to represent this effect). Milly et al. (2016) also provide further discussions on this topic.  Again, we fully agree with the reviewer that actual evapotranspiration in dry regions is limited primarily by soil moisture and not by potential evapotranspiration. We wish to emphasize that in our model, the aridity index did not directly drive the results about soil moisture-in agreement with the findings by (see our detailed response above). Rather, our simulation experiment is using a model which simulates daily patterns of water cycling, including transpiration and the combined influence of weather, vegetation and soil conditions.  We thank the reviewer for the list of interesting articles and the opportunity to add a short description using these citations to the introduction section of our manuscript. This statement clarifies that Epot based approaches are unsuitable for drylands. Furthermore, effects in marginal systems, such as water-limited systems like drylands, play out as trends or as deviations from normal conditions, i.e., relative rather than absolute changes will be relevant. We also extended the description of the simulation model in the method section by two sentences to explain the approach for simulating transpiration and evaporation rates.  We also clarified that we used the FAO/UNEP formulation of the aridity index (AI = P / Epot with AI ≤ 0.5 indicating drylands) and not the formulation used in the Budyko framework (AI b = Epot / P with larger values indicating arid zones).
 We plotted our simulation data according to the outline of Figure 1 by where panel (a) shows the sensitivity of F = ET(actual) / P as a function of aridity psi = ET(pot) / P. We estimated omega from Fuh's equation and compared the resulting Budyko curve with a locally weighted polynomial regression. The color scheme of our new figure corresponds to Figure 4 of our manuscript (i.e., colors represent regions) and not different values of omega as in the Figure of . This figure demonstrates that the results of our simulation model reproduce as an emergent feature the relationship of the Budyko framework as presented by .
Based on these issues, and in particular because the authors appear unaware of them, I can unfortunately not recommend publication of this article.  Many of these concerns appear to be based on mistaken assumptions about our approach. In fact, our results and our simulation model agree very well with the reviewer (see our detailed responses above). We clarified the text of the manuscript to counteract misunderstandings about our methods and model.
Overall recommendation: minor to major revisions General comments: The authors have substantially improved and clarified the manuscript. The article would be suitable for a specialist journal, however, I evaluate that for the Nature Communications audience, there are still a few remaining issues that would need to be addressed before publication. I hesitate to term these last revisions major, however they are important.
Main points:
a) The authors are computing their projections for the RCP8.5 and RCP4.5 scenarios. In the context of the 2015 Paris agreement, however, it is well possible that these scenarios will not be realised. Nonetheless, the authors often use the term "future change", or the future tense "... will..." rather than clarifying that these are _projected_ changes for given emissions scenarios. The authors should clarify this point in the manuscript and they should improve the language so that it is clear that the simulated changes are projections, not predicted changes. I have indicated a few examples in my detailed comments below. Also, this might lie outside the scope of what the authors can perform at present, but it would be useful for the climate research community if the authors could also assess the results they would obtain for the RCP2.6 scenario, i.e. the only emissions scenario keeping global temperature increase with high probability below 1.5° global warming. If the authors were able to assess whether this scenario substantially decreases the odds of the changes projected with the RCP4.5 and RCP8.5 scenarios, this would be a very important information for the climate research community and the public, and would substantially increase the relevance of this article for Nature Communications. I assess that this inclusion would substantially increase the impact of the article. b) There are some remaining issues with the cited literature. One main result of the authors' analysis is related to projected changes in soil moisture drought. However, much of the literature they cite is related to changes in aridity, not in soil moisture, although there are several existing articles assessing projected changes in soil moisture, e.g.: -Burke and Brown, 2008, J. Hydrometeorology -Orlowsky and Seneviratne 2013, HESS These two articles emphasise the uncertainty of projected changes in soil moisture (and meteorological) drought, and should be referenced in the introduction (see detailed comments #1 and #2).
Detailed comments: 1) page 2, lines 53-54: "Global climate models (GCMs) predict increases of both climatological aridity and meteorological droughts during the 21st century". This is true for climatological aridity but not for meteorological droughts. It should be clarified here that the projections of changes in the occurrence of meteorological droughts are uncertain in most regions, and only display robust increases in a few regions (e.g. Burke and Brown 2008, Orlowsky and Seneviratne 2013, HESS) . This is also consistent with the results of the authors, which show a high model dependency of the projected change patterns (see supplementary information).
